The present study was conducted to investigate the effect of intermittent use of direct-fed microbial addition (DFM-"RE3 R " ) on growth performance and health status of indigenous guinea fowls in northern Ghana. One-hundred and eighty day-old guinea keets were randomly assigned to 4 direct-fed microbial (DFM) treatments that included: control, daily, 3 consecutive days per wk (3CDW), and 7 days repeated every other wk (7DREOW) at 1.5 ml/L through water from day 1 to 56 days. Feed intake, body weight gain, and blood hematological and serum biochemical properties were recorded. The treatments had no effects (P > 0.05) on the hematological or serum biochemical properties recorded. Birds on DFM treatments appeared to consume less feed (range: 1,584 to 1,824 g/d) compared to the control (1,870 g/d/head). Birds on DFM treatments daily and 3CDW gained more (P < 0.05) weight (334 to 394 g/d) compared to the control (306.1 g/head) with keets on daily DFM supplementation recording the lowest (P < 0.05) feed conversion ratio. The total blood protein, globulin, lipids, albumin concentrations, and cholesterol concentrations were not affected (P > 0.05) by DFM supplementation. Supplementing birds with 1.5 mL of RE3 R /liter of water daily can improve body weight. Further research on immune competence from the spleen, thymus, and bursa fibrosis for evidence of increased immune competence in probiotic administered birds is recommended.
INTRODUCTION
In recent years, there has been interest in the use of living microorganisms such as probiotics as therapeutic agents in chicks (Dhama et al., 2011) . Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host (FAO, 2009) . Probiotics stimulate the immune system and increase its defensive activity against pathogenic bacteria (Zulkifli et al., 2000) . In domestic chickens, probiotics have shown to exclude Salmonella bacteria from the intestinal tract (Wolfenden et al., 2007) , thereby reducing the risk of disease (Mountzouris et al., 2007) and influencing morphology and function of the intestines (Yang et al., 2009) . They also increase body weight by enhancing digestion and absorption (Kim et al., 2003; Salarmoini and Fooladi 2011) . They also inhibit the synthesis of cholesterol, and in doing so, cholesterol levels can drop, thereby preventing atherosclerosis and coronary heart disease (Kim et al., 2003) . Yeast probiotics have improved body weight, feed intake, and C 2018 Poultry Science Association Inc. Received August 31, 2017 . Accepted February 16, 2018 Corresponding author: ogooduman@yahoo.com feed conversion ratio (FCR) in broiler chickens. They have also effectively inhibited the colonization of cecal Salmonella and could be used to replace antibiotics as growth promoters in commercial poultry farms (Olatoye et al., 2014) .
Recently, a direct-fed microbial (DFM) called Rumen Enhancer-3 (RE3) introduced into layer and pig diets as a probiotic, a potential replacement for antibiotics, showed great potential in increasing performance in hot tropical Ghana (Amoah 2000; Baah et al., 2009; Bonsu et al., 2014) . Importantly, eggs laid by birds fed a DFM diet were significantly heavier, while serum and egg cholesterol concentrations were significantly reduced compared to the control and those fed antibiotics supplemented diets.
Guinea fowls (Numida meleagris) are kept by smallholder farmers in West Africa for meat, eggs, and cash. Mortality of the young guinea fowls (keets) is high due to microbial infestations that can be reduced by the use of DFM (Galor, 1990) . Probiotics can provide the same protection as a naturally developed commensal gastrointestinal tract (GIT) microflora (Pascual et al., 1999; Kubena et al., 2001) . Despite these advantages in the usage of DFM, there is no information about the use of DFM on young guinea fowls (guinea keets), which are 1909 generally difficult to rear under the traditional system in Ghana.
The objective of this study was to evaluate the effect of different regimes of administration of RE3 on growth performance and health status of 8-week-old guinea keets.
MATERIALS AND METHODS

Experimental Site
The study was conducted at the Tamale Airforce Base (latitude 09 o 24'27"N and longitude 00 o 51'12"W) in northern Ghana. The mean annual rainfall is 1,100 mm and the mean d temperatures range from 19.9
• C to 41
• C. The temperature in the brooder house, which was 28
• C, was regulated based on the reactions/behavior of keets in the pen by providing the appropriate heater. Due to the absence of the Animal Care Committee available at the Kwame Nkrumah University of Science and Technology at the time of this research, the research was conducted and supervised by the team leader following experimental procedures approved by the University of Alberta Animal Care and Use Committee in accordance with the Canadian Council on Animal Care (2009) guidelines.
Experimental Design and Treatments
One-hundred and eighty day-old guinea keets were randomly allotted to 4 dietary treatment regimes. These included: Treatment 1: control, treatment 2: daily, treatment 3: 3 consecutive d per wk (3CDW), and treatment 4: 7 d repeated every other wk (7DREOW) of direct-fed microbial addition at 1.5 ml/L through water for 8 wk in a completely randomized design.
The experiment lasted for 56 d with 15 birds per replicate and 3 replicates per treatment in a completely randomized design. The birds in all the treatments were fed a basal diet formulated to be iso-caloric and iso-nitrogenous at 2,890.1 Kcal/kg of ME and 24% CP, respectively (Table 1 ). The nutrition for the experiment was the same for verifying the efficacy of the probiotics based on the manufacturer's recommendation in the Ghanaian environment against the frequency of usage with cost in mind. The nutritional requirements for the trial were adapted from the recommendations of Avornyo et al., 2013 when they tested different nutritional requirements for guinea keets in Ghana.
The DFM was administered through water according to the treatment. Both feed and water were provided ad libitum.
Guinea keets (n = 15, per replicate) were kept in improvised card boxes measuring 1.2 × 0.6 (m 2 ) with 0.6 m height. Rice husk was spread as litter for the birds. Each box had a 100-watt bulb fixed in it as the heat source. Keets were brooded for 4 wk in the boxes and were later transferred to plywood pens measuring 2.74 × 1.2 m 2 and 1.5 m high with each pen fitted with a 100-watt bulb. For guinea fowl farmers, the protocol used with respect to the control is what farmers used in Ghana-especially the commercial farmers. The innovation, which is the use of the boxes, is also to encourage the smallholder farmers on the importance of brooding other than leaving day-old keets at the mercy of the weather and predators and end up losing about 63 to 80% of young (Adam, 1997 and Karbo et al., 2002) . It must be understood that most guinea fowl farmers live in primitive conditions in Ghana and hardly go to large-scale farming.
Breeding and Feeding
The DFM (multi-strain) used in this study was obtained from Basic Environmental Systems and Technology (BEST), Canada. The DFM was composed of Lactobacilli (1 × 108 cfu/g), Bacillus (1 × 1012 cfu/g), and Saccharomyces cerevisiae (yeast, 1 × 105 cfu/g). The DFM was stored in a cold room at 18
• C as recommended by Bonsu et al. (2012) . The recommended dosage rate of 1.5/L of water was recommended by Bonsu et al. (2012) in an experiment on broilers and layers.
Laboratory Analysis
Feed samples were analyzed for CP (N x 6.25), crude fiber (CF) and ether extract (EE) by standard AOAC methods (AOAC, 1990). Neutral detergent fiber was a-c Means in a row followed by different subscripts differ significantly (P < 0.05). 1 3CDW = 3 consecutive d per wk, 7DREOW = 7 d repeated every other wk, IBW = initial body weight, ADFI = average daily feed intake, ADG = average daily gain, FBW = final body weight, FCR = feed conversion ratio. SEM = Standard error of the means. P-value = Probability value.
determined as described by Van Soest et al. (1991) . Metabolizable energy contents of the diets were calculated from the chemical analysis data using the equation proposed by the NRC (1985).
Hematological Studies
Six birds from each treatment were randomly selected for blood collection at wk 8. Feed was withheld from the birds for 12 h prior to blood sampling to stimulate the standards of preparing birds for slaughter and processing (Northcutt, 2001; Hamidu et al., 2015) . Blood samples were collected from the jugular vein into anticoagulant (heparin) bottles and analyzed for total red blood cells (RBC), hemoglobin (HB), packed cell volume (PCV), white blood cells (WBC), total protein/albumin, and serum cholesterol using a Sysmex KX 21 N from the Netherlands and Flexor Junior chemistry analyzers, respectively.
Statistical Analysis
Data were analyzed using the GLM procedure of SAS 9.3 (SAS Institute Inc., 2014). Means were separated using the Duncan's multiple range tests and were considered significant when the P-value was less than 0.05.
RESULTS AND DISCUSSION
Growth Performance and Mortality
The DFM supplementation did not affect (P > 0.05) feed intake, although DFM-treated keets appeared to consume less feed ( Table 2 ). The apparent reduction in feed intake as recorded at the end of the experiment could be attributed to improved nutrient retention and utilization arising from a better GIT environment enabled by beneficial microorganisms in the probiotics fed. Previous studies related to broilers found no significant effect in feed intake when broilers were given DFM in drinking water or with feed (Bitterncourt et al., 2011) .
The DFM treatment affected (P < 0.05) total weight gain per bird and FCR, with birds fed 1.5 DFM daily having higher weight gain and more efficient FCR than the other groups. Similar to previous studies of Kabir et al. (2004) and Habibi et al. (2013) , both researchers reported higher weight gains when probiotics were fed to birds. The appreciable weight gain could be because the microbes present in probiotics would secrete amylase, protease, and lipase, which would enhance the catalytic activities of the endogenous enzymes from hydrolyzing the energy in the feed ingredients (Rolfe, 2000) . Such higher quantity of liberated energy could help to improve the FCR. Amerah et al. (2013) also reported an improvement in FCR when probiotics were fed to broilers. All the FCR appeared higher than expected (1.84 in broiler) because guinea fowls in general grow slower than broilers (Hamidu et al., 2015) .
The water intake was not affected by the DFM treatment or the control (P > 0.05), but the intake relatively increased with the supplementation of DFM in water.
There was no DFM treatment effect (P > 0.05) on keet mortality; cumulative mortality was 10% lower for birds supplemented with DFM daily through water than the other treatments (Table 5 ). The 10% lower mortality on the DFM-treated birds could be attributed to the DFM, which may have provided protection against Salmonella infections through establishment of an improved intestinal microflora. A similar reduction in mortality was recorded by Bonsu et al. (2012) , who attributed reduction in mortality to elimination of entero-pathogenic microorganisms through "competitive exclusion," aided by the production of an antimicrobial substance (lactic acid) (Stern et al., 2001 ).
Hematological and Serum Indices
The treatments had no effect (P >0.05) on any of the hematological or serum biochemical parameters investigated at the end of the 8-week period (Table 3 and  Table 4 ), confirming the results of Dimcho et al. (2005) and Alkhalf et al. (2010) . This could be attributed to the type and number of species of bacteria present in the probiotics. In reference to Nalubamba et al. (2010) , hematological and serum biochemical parameters for this experiment were within range.
Economics of Production
Cost of production per guinea keet was highest (GH ¢2.96) for birds fed the control diet with the least cost (GH2.17) incurred for birds on the 3CDW treatment (Table 6 ). The profit margins for the DFMsupplemented birds were higher with the daily supplementation recording the highest profit margin.
CONCLUSION
The current study suggests that, administering 1.5 mL/liter DFM (RE3 R ) daily through water relatively reduces feed intake/bird, improves feed conversion ratio, and improves body weight gain. DFM (RE3 R ) should be supplemented on a regular basis because the one-week supplementation with a one-week break did not give good growth performance. DFM Table 6 . Cost-benefits assessment for guinea keets (1 to 8 wk). (RE3 R ) can replace coccidiostat and dewormer for 8 wk in a good litter in intensive brooding.
